APN Science Bulletin 9 (1) www.apn-gcr.org/bulletin Management strategy evaluation: Transdisciplinary and transparent natural resource management Management Strategy Evaluation (MSE) is a modelling tool used to evaluate sufficiently realistic simulations of potential policy choices in complex systems. As a contribution to the Integrated Marine Biosphere Research (IMBeR) project IMBIZO V, which occurred in October 2017, a workshop was convened with the goal of developing a coherent understanding of bestpractice approaches for MSEs. MSEs are becoming standard approaches to characterizing risk across fisheries management organizations globally. MSEs are important tools that aid in delineating objectives, costs, and constraints that define risk and provide a possible mechanism to meet assessment challenges. The MSE workshop considered case studies drawn from different fisheries (including small-and large-scale fisheries), with associated cultural, societal, and management characteristics, to better define best-practice principles of MSE development, implementation, and communication. The needs and benefits of MSE model development for evaluation of management scenarios for small-scale fisheries were identified. Early career scientists and students were introduced to details of MSE development and implementation, and to colleagues who are part of professional networks that have access to the necessary tools for decisionmaking processes regarding marine resources. Networking and capacity building in MSE expertise in the Asia-Pacific region represent long-term impacts from the workshop. ABSTrAcT KeywordS doI dATeS HIGHLIGHTS » Improved understanding of development and implementation of MSEs for small-scale fisheries.
IntroductIon
Marine and human systems are complex, which makes describing their interactions and potential outcomes difficult. Climate change and environmental variability impacts add to the complexity of developing management strategies for marine resource use.
Management of fisheries presents challenges because
changes in environmental conditions initiate a cascade of responses that appear as social and economic effects.
These social and economic responses in turn affect management strategies and policies, which impact the resource.
The Ecosystems Approach to Fisheries (EAF) adopted by the FAO Committee on Fisheries defines Management Strategy Evaluation (MSE) as a modelling-based approach aimed at testing the robustness of possible management arrangements (plans) by examining sets of decision rules, such as those used to adjust total allowable catch or effort controls, to determine which perform best to achieve the management objectives for a fishery (EAF, 2011) . Therefore, the MSE approach allows evaluation of sufficiently realistic simulations of potential policy choices in complex systems and associated robustness to uncertainties (Miller et al., 2010; Bastardie, Vintehr, Nielsen, Ulrich, & Paulsen, 2012; Martell, Leaman, & Stewart, 2013; Goethel et al., 2019; Fulton, Punt, Dichmont, Harvey, & Gorton, 2019) . Communication with stakeholders and policy makers to obtain information about the range of desired policy outcomes and acceptable potential policy choices provides constraints for scenarios tested with a MSE (Fulton, Smith, Smith, & Johnson, 2014; Goethel et al., 2018; Armitage et al., 2019) . Challenges to the MSE approach include poorly specified management objectives, a lack of quantitative datasets for developing operating models for many species (Punt, Smith, & Cui, 2001; International Council for the Exploration of the Sea [ICES], 2019), and robust methods to evaluate risks (Rochet & Rice, 2009; Goethel et al., 2019) .
However, even with these challenges, MSEs have been applied to fisheries (e.g. Punt et al., 2001; Punt, Butterworth, de Moor, De Oliveira, & Haddon, 2016) and conservation (e.g. Bunnefeld, Hoshino, & Milner-Gulland, 2011 , Dichmont et al., 2013 to compare alternative management strategies (Tommasi et al., 2017) , while accounting for uncertainty in environmental, biological, and management inputs (Cooke, 1999; Butterworth & Punt, 1999; Sainsbury, Punt, & Smith, 2000; Punt et al., 2016) . Maintaining the environment is part of the management objectives for some species (e.g., Agnew, Beddington, & Hill, 2002; Hurtado-Ferro, Hiramatsu, & Shirakihara, 2010; Pershing et al., 2015; Miller, Hare, & Alade, 2016) , but existing MSEs show mixed results about the effectiveness of alternative, potentially climate-robust, management strategies (A'Mar, Punt, & Dorn, 2009; Punt, 2011; Szuwalski & Punt, 2013; Punt et al., 2016; Goethel et al., 2019) . region) to better define best-practice principles of MSE development, implementation, and communication.
Methodology
The workshop was structured around a keynote plenary presentation and invited workshop presentations (Table   1) , as well as oral and poster presentations by workshop participants, and discussions. The workshop attendees represented 21 countries and almost 50% were students and early career scientists (Table 2) .
results And dIscussIon

MSe overview and application
The keynote plenary presentation ( An important point highlighted for MSEs used in the management of fisheries is that learning from previous mistakes is critical (Figure 1, upper branch) . This knowledge is needed so that "history does not repeat itself" in the evaluation of management options. The explicit need for detailed datasets is clear, as is that the level of skill required to develop MSEs using time series data is integral to the upper branch ( Figure 1) to result in a useful MSE framework. These requirements for expertise and skills to process the data are not equally distributed across countries. For example, low income countries frequently have less access to the necessary specialized skill and detailed datasets are often not available.
The invited talks for the MSE workshop (Table 1) expanded and reinforced the ideas presented in Figure   1 . The first presentation focussed on using an MSE to evaluate harvest control rules with specific application to the design and implementation of approaches to rebuild the stock of southern blue fine tuna (Table 1) . 
This presentation clearly articulated social and natural
Advancing MSes
The workshop presentations considered aspects of SSFs and the application of MSEs to develop management strategies for these socio-ecological systems.
General themes that emerged from these discus- To achieve best practice, assessment of the applicability of MSEs to SSFs requires identifying common traits between the two that are amendable to MSE analysis and developing an MSE process that can be applied to data poor and culturally unique situations. Addressing these issues will provide guidance on when an MSE is needed (or not) and identify the core components of the MSE process, including the operation model for SSFs.
conclusIon
In general, MSEs are important tools that aim to help delineate objectives, costs, and constraints that define risk and provide a possible mechanism to meet assessment challenges. MSEs are becoming accepted for identifying different management approaches and characterizing risk across fisheries management locally, regionally, and globally. The workshop convened at MSEs. The priorities for future research specific to SSFs and more broadly applicable MSE-related topics provide a tangible approach for capacity building because these will involve early career scientists and dissemination of the workshop results to the larger scientific community.
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